INTRODUCTION
Aquilaria crassna Pierre ex Lecomte (Thymelaeaceae) is a medium-sized evergreen tree found throughout Southeast Asia and China. Agarwood has been a part of Ayurvedic, traditional Chinese medicine and traditional Thai medicine for centuries. This plant is not only wellknown in aromatherapy uses, but also recognised as herbal medicine for the treatment of various diseases as a sedative, analgesic, and digestive. 1 Previous studies on the leaves of A. crassna revealed that it contained various potential activities as an anti-hyperglycemic, for medicinal plant materials identification, while physicochemical parameters and the content of active substances have been used to ensure quality. However, the scientific pharmacognostic parameters and simultaneous quantification of mangiferin using TLC method for standardisation of A. crassna leaves have never been established. Thus, this study aimed to evaluate the pharmacognostic parameters for identification of A. crassna leaves. In addition, TLC-densitometry and TLC image analysis were developed and validated for quantitative analysis of mangiferin content from A. crassna leaves collected from various locations throughout Thailand.
MATERIALS AND METHODS

Plant materials
Fifteen different samples of A. crassna leaves were collected during July to October 2014 from 11 provinces in Thailand. The samples were authenticated by Associate Professor Nijsiri Ruangrungsi and the voucher specimens were deposited at the College of Public Health Sciences, Chulalongkorn University, Thailand. The remaining leaves were dried, ground and stored at room temperature to protect them from light until needed.
Chemicals
Analytical grade reagents and solvents were used in this experiment. Mangiferin (purity 98.0 %) was purchased from Mira Biotechnology Co., Ltd., China. TLC plate was carried out on pre-coated silica gel GF 254 sheets (Merck, Germany).
Macroscopic and microscopic evaluation
Macroscopic characteristics such as size, colour and other visible properties were noted. Transverse sections and ground powders were observed under a microscope to determine the anatomical and histological characteristics.
Chemical fingerprinting
The chemical profile of A. crassna ethanolic extract was examined using thin layer chromatographic techniques. The ethanolic extracts were accurately weighted and adjusted for volume to obtain a concentration of 10 mg/ml. Three microliters of test solution were spotted onto a silicatype-TLC plate. The TLC plate was then developed with ethyl acetate: water: formic acid, as 17:3:2 v/v/v, respectively. The developed TLC plate was air-dried and examined under visible light and UV light (254 and 366 nm). In addition, the TLC plate was sprayed with an anisaldehydesulphuric acid reagent then heated on a plate heater for 10 min before investigating the spot under visible light.
Physicochemical studies
Determination of loss on drying, total ash, acid-insoluble ash, ethanol and water extractive values, and water content were evaluated to establish the pharmacognostic specification of A. crassna leaves. The details of the methodology followed WHO guidance. 23 Briefly, the loss on drying test was performed by drying the sample at 105°C until achieving constant weight. The total and acid-insoluble ashes left after burning at 500-600°C were determined for inorganic components. In addition, the moisture content was quantitated using the azeotropic distillation method. Extractable matter in absolute ethanol as well as water was determined by maceration to represent the amount of active constituents. All sampling was carried out in triplicate.
Preparation of standard and sample solutions
Stock solutions of mangiferin were prepared by dissolving in 85% ethanol in a volumetric flask at a concentration of 1 mg/ml. The six working standard solutions (concentrations of 0.15, 0.25, 0.35, 0.45, 0.55 and 0.65 mg/ml) were diluted from a standard stock solution using ethanol as diluent. Each sample of A. crassna leaves was weighed accurately (3.00 g) and extracted by soxhlet extraction with 95% ethanol until exhaustion. The extracts were filtered, evaporated using a rotary evaporator equipped with a vacuum pump and dried using freeze-dryer techniques. The extract powders were weighed and calculated for percentage yield. The dried extract was prepared by dissolving in absolute ethanol at a concentration of 1 mg/ml. Each sampling was carried out in triplicate.
Chromatographic conditions
The solutions of mangiferin standard and ethanolic A. crassna extract were spotted as 5-mm. bands width onto the TLC plate coated with silica gel 60 GF 254 using a Linomat-5 automatic sample spotter. Each sample solution was done in triplicate. The mobile phase was composed of ethyl acetate: water: formic acid at 34:6:4 v/v/v, respectively. The TLC plate was developed in a developing chamber, which was pre-saturated with the mobile phase for 1h at room temperature. The mobile phase was run to 80 mm.
TLC-densitometry and TLC image analysis
The developed TLC plates were scanned densitometrically using a CAMAG TLC 3 Scanner in the absorbance mode at 254 nm, which was operated by WinCATs software. While TLC image analysis was done using Image analysis software, the developed TLC plates were photographed under short wave (254 nm) ultraviolet light. The photo was taken using a TLC visualiser and saved as a TIFF file. The colour intensity of the mangiferin band was transformed into a chromatographic peak by ImageJ software. Six-point calibration of the two methods was done and each sample was quantified for the amount of mangiferin by peak area. Each sampling was carried out in triplicate.
Validation method
According to ICH guideline (Q2R1), the analytical method was validated for linearity, precision, accuracy, LOD, LOQ and robustness. 24 
Statistical analysis
The content of physicochemical parameters was calculated using grand mean and pooled standard deviation. Mangiferin content in each sample was calculated based on each extract yield. The contents between two analytical methods were compared statistically using a paired student t-test.
RESULTS
Macroscopic and microscopic evaluation
The morphological evaluation for identification of A. crassna was reported. A. crassna tree can grow to be up to 25-30 m tall. Its bark is brownish grey with leaves that are approximately 7.0-12.0 cm long and 2.5-5.0 cm wide with narrow elliptical or lanceolate shapes Figure 1A . The colour of the dried leaves for crude drug was green to brownish green. The sizes ranged from 5.0-10.0 cm long and 1.5-3.5 cm wide Figure 1B . The odour was pleasing with a slightly sweet taste. Microscopic characteristics were investigated for both transverse section and powdered drug. Parenchyma and vascular bundle were found in the transverse section of the midrib. Furthermore, the x-section of the midrib revealed that the epidermis was rectangular to round in shape Figure 2 . In addition, the cells of the upper epidermis were larger than the lower epidermis. The lamina in the sectional view of the A. crassna leaves showed an upper epidermis, palisade and spongy parenchyma, 
TLC analysis
The TLC fingerprinting is demonstrated in Figure 5 .
Physicochemical constant determination
The values of physicochemical parameter are displayed in Table 1 . Loss on drying, moisture content, total ash, and acid-insoluble ash content were 8.62 ± 0.13, 8.16 ± 0.14, 6.82 ± 0.09, and 1.49 ± 0.03 % of dried weight, respectively. Ethanolic-and water-extractive values were 9.07 ± 0.39 and 16.94 ± 0.22 % of dried weight, respectively.
Method validation for quantified mangiferin content
The method validation for this study was performed following ICH guidance, which comprised specificity, linearity, accuracy, precision, detection limit, and robustness. The results of validated parameters were displayed in Table 2 . Specificity was determined in terms of peak identity and peak purity. The identities of the chromatogram bands of magiferin in the sample were compared by overlaying the absorption spectra with standard mangiferin (Figure 6 ). Moreover, peak purity was assessed by comparing the spectra of standard and samples at three different levels; peak start, peak apex and peak end positions. Considerable correlations, r (start, middle) and r (middle, end) > 0.9950 were investigated by comparing the spectra of mangiferin standard and corresponding peaks in samples. and lower epidermis. The upper epidermis comprised polygonal cells Figure 3A , while the lower epidermis had irregular shapes and the walls were slightly sinuous. Anomocytic stomata were only found in the lower epidermis Figure 3B . However, the powdered drug investigation showed some of the same microscopic characteristics such as anomocytic stomata with epidermal cell, part of the upper epidermis with part of palisade mesophyll, some fibres and vessels Figure 4 . Figure 7 . The R f value of mangiferin band was approximately 0.42-0.48. The densitometric scanning was recorded at λ max 254 nm. The amounts of mangiferin in A. crassna ethanolic extracted were determined using TLC-densitometry and TLC-image analysis, which were found to be 1.2992 ± 0.5980 and 1.3036 ± 0.5874 % of dried weight, respectively. Furthermore, the mangiferin contents by these two methods showed no statistically significant difference (P>0.05).
DISCUSSION
Nowadays, the standardisation and authentication of medicinal plant materials is a crucial step for validating their therapeutic potential. Pharmacognostic studies are reliable, accurate and inexpensive ways to identify and evaluate crude drugs. Examination of the macroscopic and microscopic characteristics is the first step for establishing the identity and purity of herbal materials. Moreover, the authentication step should be done before any additional tests are performed. The macro-and micro-morphological features of the A. crassna leaves were described. The microscopic characters of A. crassna were similar to A. agallocha, 25 but unicellular trichome was not found in A. crassna. The results of these examinations could be beneficial as a basis for correct identification, collection and investigation of the plant. The physicochemical parameters are beneficial for controlling the medicinal plant quality. The investigation of these values is important in ascertaining adulteration or unsuitable management of the herbal drugs. The water determination and loss on drying are detected to represent the moisture in the crude drug, so the excessive water content and proper temperature might affect the growth of bacteria and fungus, which leads to spoilage.
However, the image analysis was limited in terms of specificity because this method was not able to generate the absorption spectra. The calibration curves of mangiferin by these two method were linear at the range of 450 to 1,950 ng/spot. The average recoveries at three different concentrations of mangiferin agreed with the accuracy of the validated method. The repeatability and intermediate precision showed the acceptable precision of these two methods because RSD is less than 5%. LOD and LOQ were estimated based upon the residual standard deviation of the regression line and the slope of the calibration curve. For robustness evaluation, the relative standard deviation of peak areas was calculated for little changing in ratio of the mobile phase composition. The RSD of robustness was computed to be less than 3% for all tests.
Quantitative analysis of mangiferin
The yield of A. crassna leaves ethanolic extract was 14.53 ± 2.59 % of dried weight. The mangiferin content of ethanolic extract was quantified via TLC-densitometry compared with TLC image analysis. The silica Total ash analysis was accountable for controlling the amount of admixture of inorganic substances either from the storage of crude drug or intended addition to conceal the appearance of the herbal drugs. Moreover, acidinsoluble ash defined the acid-insoluble inorganic matters, which can be found in the crude drugs. Finally, the extraction of the crude drug with solvent yields a solution containing many phytochemicals. The water and ethanol extractive values determined the quality and purity of the drug. The composition of these phytochemicals, in particular solvent, depends upon the polarity of the solvent and the nature of these chemicals. The chemical profiles displayed the composition of phytochemicals that could be used as markers for quality control of the medicinal plant. The TLC-densitometry is a technique with accuracy and precision for quantitative and qualitative examination. The mangiferin content was quantified using the developed TLC-densitometric method. However, the quantitated content are higher than the actual yields (0.0013%) that fractionated by Ray. 7 In addition, the amount of mangiferin of A. crassna are closed to A. sinensis which performed on HPLC-MS. 26 The difference in mangiferin content may be due to the period of plants, the geographic conditions where the leaves were cultivated, the duration of storage, or genetic variations. Moreover, the season of collection and the storage conditions may also lead to fluctuations in the magiferin content. Image analysis for quantitation was performed due to its cost effectiveness and simplicity. The image analysis was processed using the TLC chromatogram image, which was then converted from pixel intensity to corresponding peak. The peak area was calculated by ImageJ free software. The quantitative analysis of mangiferin in A. crassna leaves using TLC image analysis was developed as well as validated. The amounts of mangiferin in A. crassna leaves by these two methods showed no statistically significant difference. The proposed TLC-densitometric and image analysis method were developed and validated for simultaneous quantitative analysis of mangiferin in the ethanolic extracts of A. crassna leaves collected from 15 different locations throughout Thailand. Thus, the method could be used for quality control of herbal raw materials as well as extracts.
CONCLUSION
The results from this present research provided useful information for identification and maintenance of A. crassna quality. Thus, the standardisation of A. crassna leaves will reduce adulteration in raw materials and should prove beneficial for the preparation of Thai Herbal Pharmacopoeia monograph from this plant.
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